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ABSTRACT

This program is concervid with evaluating a new s~orable

liquid oxidize. INTO, which is nitrolen tetroxide (NTO)

inhibited with FNO2.

Corrosion tests of steel and aluminum alloys are being con-

ducted in wet NTO, dry NTO, and dry NTO + HF. The tests are

being conducted at ambient temperature for 30 days and for

20 months, and at 70 C for 30 days. The results of the 30-

day ambient temperature test is reported herein. A definite

passivation layer was noted both visually and by weight

change on the aluminum samples exposed to INTO made from dry

NTO.

Storability tests of INTO in stainless-steel, aluminum, and

nickel containers at 70 C have now been in progress for 4

months with no apparent change in the composition of the

propellants.

INTO has been prepared by bubbling F2 thrqugh liquid-

propellant-grade NTO at ambient temperature. The reaction

proceeded smoothly and no difficulties are anticipated in

scaling up the operation.

The conductivities of INTO prepared from wet and dry NTO

have been measured. They were found to be 3.4 and 4.0 x 101-l -l

ohm cm . It is not anticipated that INTO vill present

more galvanic corrosion probleme than does NTO.

Heasurements of the vapor pressures and freezing points of

INTO solutions have been initiated.
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N"rDI0CT ION

The use of nitrogen tetroxide (NTO), the most widely used storable liquid

oxidizer in the United States, has beer continually hampered by corrosion

problems. Dry 11O is not a highly corrosive liquid when in cor.Tact %ith

most common metals of construction, but moist NTO is extremely corrosive

because of the formation of nitric and nitrous acids by the rea-tion of

NT1O with water.

It has previously been shown (Ref. I and 2) that the addition of a fluorine

oxidizer to 117O leads to a reduction of the nitric and nitrous acid con-

tent of the propellant with the concurrent production of HF. It has also

been shown (Ref. 2) that if the fluorine oxidizer is FWO 2 the resulting

oxidizer system is storable at 70 C in passivated aluminum, stainless-

steel, and nickel containers.

The present program consists of an engineering evaluation of IlT0, which
is NTO containing I to 3 weight percent FNO . INTO is being evaluated

with respect to corrosion properties ut ambient temperature and at 70 C,

long-term (20 month) storability at the same temperatures, conductivity

as it may relate to galvanic corrosion, vapor pressure and solubility of

in NTO, and freezing points of INT0 solutions. In addition, analyti-

cul chemical methods have been developed for thp analysas of INTO ankd tif

N-T (Ref. I and 2). The reeulto of the program to dite art preseritd in

the fullowzing settions.
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COMOSVIT' TET8

Corrosivity tests are being conducted on six ferrous alloys and five

aluminum alloys (Table 1) in five different propellant compositions. To

o•ate the 3N-day ambient tests have been completed and the 20-month ambient

tests are in progress for the following compositions:

1. Dry IfNO

2. Wet NTO

3. Dry NTO + FNO2 ('NeO)

4. Dry NTO + HY

The 30-day and 20-month tests with wet NTO + 1NO2 have been delayed be-

cause of difficulties with the vacuum line used for loading. Problems

are currently being resolved, and loading should commence shortly. The

30-day high temperature test bombs are currently being assembled. Pre-

liminary reecults of the study have been promising. NTO with FNO2 apparently

forms a white passivation layer on aluminum alloys. Control tests show

that this layer is not caused by HF in salution. The 30-day, high-

temperature and 20-month ambient-temperature tests will have to bv com-

pleted before reliabile conclusions can be drawn.

PROCEDURE

Evaluation of Tests

All corrosion tests are evaluated in the same manner to ensure a common

basis of comparison. An overall observation of the specimens, including

the taking of color photographs, is made immediately upon removal from

the teut bowzUs. The alloys which have been obviously affected by exposure

to the oxidizer are noted. Weights of each specimen are then taken to

determine the absolute and percent weight change. The specimens are the,,

3



TABLE 1

ALLOYS BEING SUBJECTED TO COEROSIVITY TESTING

Iron Alloys Aluminum Alloys

304 Stainless Steel 6061-T6

316 Stainless Steel 7075-T73

321 Stainless Steel Tens 50

440 C Stainless Steel 2014-T6

AM 350 SCT 2024

1018 Carbon Steel Welded samples

Welded Samples

photomicrographed at 15X magnification. Observations on the surface con-

dition of the specimens are made by a comparison of the photomicrograph

of the exposed specimen to a photomicrograph of a control specimen. Photo-

micrographs of two ferrous and two aluminum alloys with controls are pre-

sented in Fig. A-1 through A-9 of Appendix A. The unexposed specimens

are presented photographically in Fig. A-1O and A-1i.

Selected representative samples are then cross-sectioned, polished, and

photomicrographed at high magnification te inspect for intergranular cor-

rosion. No high magnification photomicrographs h.ve yet been taken, be-

cause all tests at a given temperature 'iust be concluded before the most

representative samples can be selected.

Unloading of Test Bombs

Unloading procedures were set up to preserve the condition of the specimens

as they were upon removal from the test bombs. The initial unloading pro-

cedure was used for the wet and dry NTO tests with both aluminum and

ferrous alloys. After dumping the liquid from the test bombs, the coupon

strings were rapidly placed in a glove bag (portable plastic bag with

attached gloves) through which a dry gaseous nitrogen purge was run.

When the strings of coupons no ionger showed signs of degassing NTO,



they were removed from the glove bag and given three rinses: methanol,

50-percent methanol/50-peroent water, and water. The purposu of the

rinses was to remove any residual nitric acid which would continue to

corrode the specimens. The specimen. were then removed from the strings,

blotted dry, photographed, and weighed.

A second procedure was developed for the removal of the aluminum specimens

from the dry INTO test bomb. Modifications were made to preserve the

anticipated pasuivation layer. After dumping the liquid, a dry gaseous

nitrogen purge was run through the bomb. The bomb with the specimen

stringer inside was placed in the glove bag where the stringer was then

removed. The specimens had a thin white passivation layer. One specimen

was removed and weighed. It appeared to be losing weight. After approx-

imately 1.5 hours exposure to the atmosphere, the layer disappeared.

After 24 hours in the glove bag, the remaining samples showed significant

passivation layer loss. It was apparent that a more inert atmosphere

than that available in the glove bag was required for preserving the

passivation layers.

All tests subsequent to the aluminum alloys in dry INTO were opened in

a dry box through which a moisture free gaseous nitrogen purge is run.

This will be the procedure in the future. The dry box is approximately

4 by 3 by 3 feet with an antechamber which enables hardware to be placed

into and removed from the box while maintaining an inert atmosphere.

A Mettler balance was placed in the box enabling the weighings to be

made in an inert atmosphere. Fxcept for the dumping of the liquid in

the bombs and the photographing of the specimens, all work is performed

in the diy box. An attempt will be i de to preserve the passivation

layers by jealing the specimens in Saran Wrap packets upon removal from

the dry box. This unloading procedure has proved satisfactory with the

dry NTO + Hk test bombs and the ferrous specimens in the dry INTO test

bomb.



TEST RESUIhS

Wet and Dry NT0 Tests

The ferrous and aluminum specimens exposed to wet and dry NTO were, in

general, only very slightly corroded if affected at all. The only two

alloys which weiv consistently affected by exposure were 1018 carbon

steel and 440C stainless steel. Both were slightly discolored upon re-

moval from solution (Fig. A-12 and A-13). The 1018 carbon steel showed

increased rusting after the thrqe rinses. Visual observation revealed

that none of the aluminum alloys appeared affected (Fig. A-14 and A-15).

A yellow powder was observed on the aluminum and ferrous alloys in both

:q 'ons. Samples of this powder were taken and were analyzed by

emission spectrographic analysis. Results of these analyses are pre-

sented in Table 2. Becaiime iron is a major constituent even in the

aluminum test sample, it is believed that the source of the iron is not

from the test bombs but from the container used for storing the NTO be-

fore loading. Several of the other elements are stainless-steel con-

stitutents. These could come from the teat bombs or, more likely (because

they are present in the aluminum test sample), from the pretest storage

container.

Each specimen was weighed before and after testing. The weight changes

presented in Tables A-1 through A-4 are averages based on four samples

of each alloy (one welded and one nonwelded in toe vapor and liquid

phases), The only exceptions to this averaging of four samples are for

C -' 20214 and 7075 aluminum alloys (one nonwelded sample in each phase)

or where otherwise noted in the comments. aost of the weight changes

in Tables A-I and A-2 are not really significant relative to the probable

errors incurred during handling and reweighing the specimens after the

tests. The weight changes are valid to approximately ±0.0002 gram.

This represents approximately t0.0009 and *0.023 weight percent for the

ferrous and aluminum alloys respectivPly. Of the 22 averages in

Tables I and 2, 17 are within this range. There are 8 weight increases

and 11 weight decreases which again show a random scatt*.r in the data.

6



TABLE 2

fJISSION SPECTT0ORAPHIC ANALYSES OF NTO TEST RESIDUES

Major Minor Minor-Trace Trace
Test Constituents Constituents Conntituents Constituents

Dry NTO, Fe Cr, Al, Si, Zr
30-Day Ambient, Mg, Ni, Wd,
Ferrous Alloys Cu, Ti, Va

Wet NTO, Fe, Cr Ni, Cu Mn, Ti, Mg,
30-Day Ambient, Zr, Al, Si
Ferrous Alloys

Wet NTO, Fe Cr, Ni, Cu 8i Hwn . Zr,
30-Day Ambient, Al
Aluminum Alloys I I

Comments on the surface condition of the specimens made from comparison

of phatomicrographs of control and exposed specimens are presented in
"Tables A-5 through A-8. Samples of these photomicrographs are shown in

Pig. A-i through A-9. Because the interpretation of tLe photomicrographs

is inherently subjective in nature, observatiias were made by two people

independently, and the comments made are a compilation of these observa-

Lions. Although observations were made on photomicrographa of two speci-

mens in each phase, in Tables A-5 through A-8 the observations have been

presented as vapor- and liquid-phase comments, because in almost all

ca.?s the welded and nonwelded samples exhibited the same effect in a

given i•hase. Host of the comments in Tables A-5 and A-6 express minimal

surface attack or no effect at all. These comments substantiute the in-

significant corrosion (if any) reflected by the weight changes discussed

abo. e.

The corrosive effect of wet and dry KTO on aluminum and ferrous alloys

is not strong enough to show up during a 30-day ambient test. It ifl

anticipated that the effect viii appear during the 3O-day. high-temperature

(70 C) tests and especially the 20-month ambient tests. The corrooivity

of NTO should appear with certain alloys in the form of significant weight

changes in a given direction. Photomicrographs should show more distinct

surface attack.

I7



Dry INTO Tests

The results of the dry INTO test with aluminum alloys are most promising

in Lhat an obv•ius white passivation layer was formed on all specimens

in both phui!les. The ferrous specimens in dry INTO showed no such layer.

The oniy observable effect with the ferrous specimens was a discoloring

of 1018 carben steel and 440 C stainless steel alloys in both phases

(Fig. A-16). Although the results of the aluminum test are promising,

the test will have to be repeated for two reasons: (1) infrared analysis

showed that there was no FN0 2 present in the bomb when it was opened

(it was later determined that this was caused by a leak in the vapor end

of the bomb), (2) the passivation layers reacted while in the glove bag

yielding no photomicrographs and questionable weight changes. When the

test is repeated, the bomb will be opened in the dry box enabling weights

to be taken in an inert atuosphere. The specimens will be enclosed in

Saran Wrap packets when rem4,,pd from the dry box, and photomicrographs

will be taken through the protective packets. Samples of the passivation

layer will be analyzed for both cations and anions.

All test bombs .ith dry INTO have shown a decrease in FNO2 concentration

in the liquid phase with time. The 30-day ferrous alloys test had an

initial FNO2 concentration (in the liquid phase) of 4.4 mole percent.

This had dropped off to l.0 percent after 3-1,2 weeks. The 30-day

aluminum alloys test initially had a 6.6-percent FNO02 concentration.

This had dropped off to 0 after 4 weeks (because of a leak in the bomb).

The 20-month aluminum alloys test started with 5.3 percent FkNO). AI"er

3-1 1 weeks, the concentration wa!, 0.9 percent, and after 4 '.-vekA it had

dropped off to 0. FN'0o was recently added to this 20-month bomb to bring

the concentration back up to 1.- percent. The 20--month ferrous alloys-q

test has shown a decrease from 5.3 to 1.3 percen* over a 4-week p.'riod.

Thp decrease in fN'0, concentration is caused by the pahsi-ýution of the

samples and test bombs. It is anticipated during the 20-mon-h tp!;ts

that the FS0O concentration will be constant after compir'.e pa.qVivai

of the bomb and samples has occurred. This passivation ;henoe.;¢: is

consistent *..th the results obtained during the storabil~il; tetyt-

(Rf.2).



Tanle A-3 presents the average weight changes for the dry MifO tests.

Although the aluminum weights were taken after some passivation layer

loss had occurred (about 5 hours after unloading), it can be seen that

the weight increases are still much greater than those of any other test

completed. The weight changes of the ferrous specimens are not nearly

as great as the aluminum specimens, but they ar- all positive and are

all greater than the probable weighing error. These increases are probably

caused by slight passivation layers as substantiated by the coments on

the photomicrographs presented ir Table A-7.

Dry f0 + HU Tests

The ferrous and aluminum alloys exposed to dry }NTO + HU exhibited slight

weight increases probably caused by the formation of very thin surface

layers. The three alloys which shoved obvious surface and weight changes

are TENS-50 aluminum, 1018 carbon steel, and 440 C stainless steel Pig. A-17

and A-18 and Table A-4. The aluminum specimns did not exhibit an apparent

passivation layer as did the specimens in dry ITO. Except for 304 C
stainless steel, the ferrous specimens showed greater weight increases in

*AO HF than in dry INTO. The comments on the aluminum specimens

(Table A-8) when compared to the weight changes (Table A-4) seem to imply

that the layers fort-ad on the aluminum specimens are either very thin

or trensparent. It would seen that more affirmative observt'Aons of

surface layers should go with the given weight increases.

C 01W, LVSIO

The most significant result to Oate is that dry rNTO form a relatively

heavy passivation layer on aluminum alloys. The results of the dr"y

VTO * HF test support the fact that this layer is caused by FY, in

solution and not HF. None of the ferrous alloys exhibited obvious

9



p

passivation layers. Of the ferrous alloys tested, 1018 carbon steel and

440 C stainless steel vwre consistently most affected by exposure to the

propellant compositions. Other tests isut be completed before reliable

conclusions on the corrosion inhibition of NTO by IWO2 can be drawn.

2t
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STOBILITY TESTS

The storability of INTO at 70 C is being investigated in aluminum, stain-

less steel, and nickel bombs. The tests have been in progress since

1 March 1966. No change in 1?02 content waa detected, on 29 April 1966
2

or on 20 May 1966. Sampling in nov being performed on a bimonthly basis.

Analysis is by calibrated infrared spectrophotometry (Ref. 2).

I1
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FIELo PREPARATION OF INTO

One of the most promising aspects of using FN0 2 as an additive in NTO

has been the possibility of forming WO2 in the field by the reaction

of F2 with NTO. During the past quarter this possibility has been in-

vestigated on a bench scale with complete success. No major difficultiesi

are anticipated in further scaling up the operation.

EXPERRIMFYAL

A l-}i+pr passivated Hoke cylinder was loaded with 112G gram (750 C) of

liquid N2 0 . Provisions were made for the withdrawl of liquid sampies

and of samples of the gas above the liquid as well as measurements of

pressure (Matheson SS gage 23538-1) and temperature (Tem-Tron thermocouple

U-T2) changes (Fig. 1). The gaseous fluorine was stored in a 50O-cc Hoke

cylinder reservoir at 50 -., 60 psia and was bubbled through the liquid

N2 0 in small 4 ncrements by means of the pressure d~fferentisl. The de-
*2 4
tails of the adt. tion arc su•marized in Table 3.

Throu•aout the whole experimrný 'I,- reactior vessel was agitated inter-
mittentlv to insure thorough mixing and reaction. The only warming ob-
served was when the F -. twrough rapidly during steps No. V.

vi, and VIII. An overall 5 C temperature rise, corresponding to th-

change in ambient temperature during the experiment, was noted. The

heating was only observed at the top , the retction vessel above the

liquid phase. The thermocouple did not show ar- teopeziture rise in the

liquid phase. Infrared 2&apling indicated that some YN0 wns also foraied.

towards the end of the experiment. A total of approximately 17 gre'-s of

F,) was passed through or into the liquid N00, At the end of the addl-

tion infrared analysis of the liquid phase by expansion of a portion of

the liquid into iui irfrf.rea celi indicated the presence 2.0 m&.* ,erCent

F2'*



TO F2 RESERVOIR

PRESSURE: -

GAGE

""•I. TO VACUUM
SPUMP

FOR INFRARED ORII MASS SPECTROMETER
SAMPLES

S'-'-- APPROXIMATE
LEVEL OF N20 4

7INCHES

ii

1 iNCH

31INCHES

FOR LIQUID SAMPLING -

THERMOCOUPLE

w- TO POTENTIOMETER

Figure 1. Field Preparation of INTO
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CONCLUSIONS

The experiment showed that appi.Xximstcly 8.5 of the 17 grams of fluorine

added were used either to completely passivate the bysten and to react

with ax.y moisture in the N2 04 itself or were vented during the addition.

!he procedure adapted near the end of the experiment shoved that a fairly

rapid addition of fluorine to nitrogen tetroxide could be made without

excessive heut resulting. Occasional venting may be desired to remove

small amounts of oxygen formed from the reaction of fluorine or FNO with
2

any water present in the NTO.

16



GALVANIC COFOSION

SUMMARY

System compatibility is dependent on factors beyond the simple corrosive

effects of the propellant on the individual materials of construction.

One of the most important interr-tions is galvanic corrosion between dis-

similar metals exposed to the propellant. The electrical conductivities

of dry NTO (< 0.01 weight percent H120), wet NTO (> 0.10 weight percent

H120), and of dry NTO + HF (0.3 weight percent) have been previously re-

ported (Ref. 1 and 2). The conductivities of INTO made from dry and

wet NTO are reported in the following paragraph. While there is no

exact correlation between conductivity and galvanic corrosion, the data

obtained here will help determine the necessity of later direct studies,

because more conductive solutions have a larger tendency to exhibit this

type of corrosion phenomenon.

EPRIMENTAL

The conductivities of INTO made from wet (> 0.1 weight percent H20) and

dry (< 0.1 weight percent H..O) NTO here been measured. They were found
-11 "-1 -1to be 3.4 and 4.0 x 10 ohm cm , respectively.

CONCLUSIONS

Because of the low conductivities measured for the INTO solutions, it

is not anticipated that galvanic corrosion will be more of a problem

with INTO than it is .±th MTO.

17
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VAPOR PRESSURE AND FREEZING Pnr-,T

Work has been initiated to determine the vapor prs. res and freezing

points of INTO solutions containing varying quantities of FWO2 and to

determine the vapor pressure of pure FWO2. The apparatus for this work

has been previously described (Ref. 1). No final data are yet available

because of problem encountered in obtaining complete passivation. The

apparatus has been repassivated with FNO... at 30 psia and no further dif-

ficulties are anticipated.

EXPERDUMAL

The technique of operation !s as foliows:

1. Load the bomb with an INTO solution

2. Measure the FNO, conceniration in the liquid phase

3. Allow 3 howrs for equilibration Lt each operatinE temperature

4. Measure tLe vapor pressure at each temperature

5. Cool the solution at a constant rate

0. Graphically record the measured internal temperature of the

bomb against the rate of cooling

SDetermine the freezing point by observing the point of the

discontinuous change in slope of the cooling curve

8. Redetermine the FNO, concentraticon

In atuempts to carry out this procedure performed to date it has been

found that the final and initial ck..Acentration mesasuresents have not

agreed because of the bombs undergoing additional passivation at elf-.-ated

temperatures.

19



The vapor pressure and freezing point apparatus has worked as expected.

No data are yet available because of the passivation problem described

previously. A repassivation of the apparatus with 30 psia of FNO2 in ex-

pected to solve this problem.

20



FUTRtE EMIOC

The remainder of the corrosivity tests viii be initiated. The 20-month

storability tests vill be continued. The corrosive effects of floving

INTO on valves vill be studied. Attempts will be made to determine the

efficacy of fluorine addition to vet NTO in reclaiming the out-of-

specification propellant. The vapor pressure and freezing point studies

vilI be completed.

21



PIN=PAGE WAS~ EXAK, TIME0MW FrDgD



REFREC ES

1. R-6354-1, Inhibited N20,j First Quarterly Progress Report, Rocketdyne,

a Division of North American Aviation, Inc., Canoga Park, California,

October 1965, CONFIDENTIAL.

2. R-6354-2, Inhibited N20V Second Ouarterly Progress Report, Rocketdyne,

a Division of North American Aviation, Inc., Canoga Park, California,

April 1966, CONFIDEI'IAL

21



APPfNDD( A

SU)(.W OF AMBHIET CORROSIVITY TESTS

This Appendix has been compil-d to present a convenient summary of the

lata for the 30-day ambient corrosivity *ests. Samples of photomicrographs

of fou'- selected alloys are present i in Fig. A-I through A-4 Figures

A-10 through A-18 show the samples as they were upon removal from the test

bombs. The weight changes of the speri~mens •re sulmarized in Tables A-i

through A-4. CowmentE on the surface condition of thov exposed samples

are presented in Tablet A-5 through A-8.
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321

440

AM 3 50

1018

316

Figure A-10. Fery-ot4B Control Specimens
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6o61

7075 (Not Weldable) M M

TWN-50

2014

2024 (Not Weldable)Sa

Figure A-11. Aluminum Control specimveng
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at Ambient Temprratu,'e I

A- 11



30

321

440DS

Q!
AN 350

D 1018 0V

304

321 I

10 A4 S550

II

kn-'r -,m e rat,,;



6061 fl

L 7075
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D 2014 4

2024

6061 A ý

v 7075 _

A

TENS~-50

201 4

2024

Figure A-14. Aluminum Specimens Exbi,)s.d to Dry NTO for 30 Days at
Ambient Temperatui'c
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Figure A-35. Aluminum Specimens Exposed to Wet NTO for 30 Days at
Ambient Temperature
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Figure A-17. Ferrous Specimens Exposed to Dry NT0 + HF for
30 Days at Ambient Temperature
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Figure A-18. Aluminum Specimens Exposed to Dry NTO * IF for
30 Days at Ambient Temperature
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TABLE A-1

WEIGHT CHANGIES OF SPFEIHFNS EXI'OSEJ) TO DRY NTO

FOR 30 DAYS AT AMbBIENT TENPERATURE

IAverage Weight Average Percent
Alloy Change, grams W.ight Change Comments

Ferrous Specimens

304 L +0.0001 "+0.006 Weight changes were approximately
equal for all specimens,,

316 +0.0002 -0.010 Welded specimens exhibited smaller
weight decrases than nonwelded
apecimens.

321 +0.0001 +0.006 Liquid- and Vapor-phase welded
Sspecimens exhibited no weight

changes.

AM 350 0 0 The liquid-phace nonwelded speci-
men showed an abnormal weight
change and was discarded; vapor--
phase nonwelded and liquid-phase
welded specimen showed no weight
change.

44d) -0.0002 -0.009 The liquid-phase welded specimens
showed no weight, change. The
vapor-phase welded specimen

I showed the smallest weight change.

1918 +0.0004 +0.011 The liquid-phase non;elded specimen!
showed the smallest weight change.

Aluminum Spec imens
FNS-50) -0.0002 -0.025 None

2014, +0.0001 +(0.024 The vapor-phase welded 'apecimen
showed a large negative weigh~t
galin whereas all others werf pos-

itive. It was discartied in
averaging.

A-:20



TABLE A-I

(Concluded)

Average Weight Average Percent
Alloy Change, grams Weight Change Comments

2024 -0.0004 -0.055 The vapor-phase specimen abowed
three times the weight lose of
liquid-.phase specimen.

6061 -0.0005 -0.067 The vapor-phase welded specimen
showed much larger weight de-
crease than others.

7075 +0.0004 +0.037 The vapor-phaue specimen was dis-
carded because it showed a ~lrge
negative weight loss probably
cased by dirt in a machining
groove noted before the test.
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TABLE A-2

WEIGHT CHANGES OF SPECXIMFS EXPOSED TO WE•T NTO

FOR 30 DAYS AT AI4BIENT TEMPIRATURE

Average Weight Average Percent
"Alloy Change, grams Weight Change Comments

Ferrous Specimens

304 L +0.0002 +0.006 Weight changes were approximately
equal for all specimens.

316 -0.0002 -0.010 Weight changes were appro.imately
equal for all specimens.

321 -0.0002 -0.010 Weight changes were approximately
equal for all specimens

AM 350 -0.0001 -0.003 The liquid-phase welded specimen
showed no weight change. The
vapor phase-specimens showed a
weight decrease. The liquid-phase
nonwelded specimen showed a weight
gain.

440 -0.006 -0.027 The vapor-phase weight losses were
approximately four times thos, of
the liquid phase.

1018 -0.0001 -0.006 The vapor-phase welded specimen
was the only specimen to show a
weight gain. The weight loss of
the vapor-phase nonwelded specimen
wap four times that of liquid-phase
specimens.

Aiuminum Specimens

T NS-50 +0.0001 +0.019 The vapor-phasu welded specimen
showed no weight change. The
vapor-phase nonwelded spec imen,
showed greater chanige than the
others.
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TABLE A-2

(Concluded)

Average Weight Average Percent
Alloy Change, _rama Weight Change Comments

2014 0 0 Nonvelded specimens exhibited a
alight weight increase. The
vapor-phase welded specimen
showed no weight change.

2024 -0.0002 -0.030 The vapor-phase specimen showed
significant weight loss. The
liquid-phase specimen showed no
change.

6061 0 0 All samples except the liquid-
phase welded specimen showed no
weighL change.

7075 +0.0002 +0.0-4 The liquid-phase specimen showed
weight gain. The vapor-pheso
specimen khowed a weight loss.
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TABLE: A-3

WTJ(~iT CiiAMIES Of' S111 LMLN:, E. POSU) 1 i(JDl~ i M 0 fN-\,,

FOR 50 DAYS -IT AMBIEINT I'fN 1110II'llIU-

[Average Weighi Average Perccnti
ALJoy Change, gra= Wigh -_________ Co'mments

Ferrous Specimens

304& L *0.0011 j +(i,046 ~The ueigzht gairi 1f 61c- liquid-
heisA6t' 1* 1 ( fd S)V spe MilliU ~a . igh1t I V

l ess thall thu, u,! V

316 +0.0005 +W.025; The I. iqu id-Ith-cSi gains werv

approximatiely ý.5 tý t)'o.e of
-the vapor phasce.

321 +0.00000 +0.-030 IThe vapor-phatse Tionweided !ýjcimen I
exhiitedapproximately tu.ice tht,

iweight gaini of the other specimulns.

AM 350 +0j.0018 +. 06h The liquid--phase n~ozwelded spec~i-
men showed a zsmalicr wuight gaini

+0. +0. 002 thari other spec i.:ecs.

1018~ +o_' u2 +P. UO() The x.elded spec imenp s',hv%.d Wt-2ght 7

ithose -f the flO1I-e ideel spt-cimn,-ý~.

T -NF.S iI +o.012,- +1.72'' m.

201 + - .'75 !Ni .(Itide .ýpcclrnvins elib .
-. 11~?i ix~ riitir eight ~'ii n

I i an c' di f.l d ,4[4 i Molls .

0(d~4 jS Ci.2* 13 )gN~ gh t cc.' TI ! 0kit'd I ( h

1,) ai r atoll lh: p..

i r ax, I u r T-eIct '.

3 -(0 00'c) .0. j'i oiln



TABLE A-4

WEIGHT CHANGES OF SPECDENS tXPOSED TO DRY N'0 - 11F

FOR 30 DAYS AT AMB1IENT TD(PE1,AThRE

AAvrage Weight Average Percentt
AIloy Change, grams Weight Change Coments

Ferrous Specimens

304 L +0.000b +0.029 I•apor-phase weight increases ;.-ere
greater than liquid-phase weight

.increases.

316 *0.0006 +0.0'5 ;Vapor-phase weight gains were
twice those of liquid phase.

321 +0.0010 +0.044 Nonvelded specimens showed
approximately twice the weight
gain of welded specimens.

AM 350 +0.0023 +0.080 All specimens showed approximately
Ithe same weight increase. Welded
specimens showed a slightly
greater weight gain.

0 +O.0048 +0.216 !All specimens showed approximately
the same weight change.

1018 +0.0044 +.0191 The weight gain of the liquid--
phase welded specimen was apprt-x-

limately one-third of the others.

Aluminum Specimeus

TL ES-50 +0.0010 +0.125 All. weight changvs were,
ma"eIy equal

lie vapur-phase welded spcimen
')fl1~1ha ha~ he other

If d a hti' gre,at,-r w.ight
jgain hai, ohe others.

2024 440.0004 ÷G0."44 'The ;iuid-phase speci" rn sh,. .,'d
a significant weight gan. Tht,
vper-phase spec imev .•how.'.d aI

ight wgt .

+0.0005 48. 0( /Liquid-Phaxe a- n •hu,'d a
s18ight "-.tght chanig,. Vap---
phase spei.ens show.ed a .4ig- 1

cant weigh- g-A_.n.

7077÷•..O~ ' j *0. o Both spec men.4 s .,v,1 ,
ma-tel" the -ame -v,,ght :cren~e.
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TABLk; A-5

StRIACf. ('0N2):T)T0. OF' SlFEJM-iNS -X'OSf0 TO DRY N70

FOR 30 DAYS AT AXMBI•NT TINPEHATi IR

LA-loy Pase Comments

Ferrous Specimens

304 L Vapor N- effect

Liquid trazing and very slight .)rrosion of
maciininiz groowvvz

310 Vs-,or No effect

Liquid Very slight corro-ion of machining gr,:wvv I
321 Val or No eff,,ct

L.quid Very slight crazing and vvrN i , r-
Q-s ion of machirl,' (zgrooves

.A-4 •vu 'vapor Slight 4urface atacr,

Li qu id Vr. -,!gnt murfact. -- tackl

4 iN P " 0pot Pi ting a1 d 1t, it art!i t c orr ,. i i

i (i uid S .hg . P i ttz. n ari! apparent•- iwhý. rA. -
Sr,;v corrosio .,

Vanl, 1. itt rlg arti S C'i t ,,,Mi
"p i,• I t

- -- : \,'!I -- .r\ . : ,

v]
I:.N•ii-.t



TABLE A-6

SURFACE CONDITION OF SPECIMENS EXPOSED TO WET NTO

FOR 30 DAYS AT AMBIENT TEMPERATURE

Alloy 7Phase Comments

Ferrous Specimens

304 L Vapor No effect

Liquid No effect

316 Vapor No effect

Liquid No effect

321 Vapor Very slight corrosion

Liquid Very slight corrosion and crazing

AM 350 Vapor Very slight corrosion

Liquid Very s".ght corrosion

440 Vapor Slight corrosion

Liquid Slight corrosion and spotting

lC18 Vapor Slight corrosion of machining grooves

Liquid Slight corrosion of machining grooves

Alumi-ium Specimens

TENS-50 Vapor Pitting and slight corrosion of weld
surface

Liquid Slight pitting and surface corrosion

2014 Vapor Slight corrosion

Liquid Very slight corrosion

20P' Vapor Very slight corrosion on edge

Liquid Very slight corrosion

6061 Vapor Slight corrosion and slight pitting
Liquid Very slight corrosion and slight pitting

or spotting

7075 Vapor Pitting and slight corrosion

L-Liid Very slight pitting and slight corrosion
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TABLE A-7

SURFACE CONDITION OF SPIUMNIMS fPOSM) To DRY NT0 + FNO2

FOR 30 DAYS AT AJO3IFNT TE•4PR1ATURE

Alloy FPhase - -Comments

Ferrous Specimens

304 L Vapor Slight surface layer

Liquid Very slight surface layer

316 Vapor No effect

Liquid Slight surface layer and spotting

321 Vapor Slight surface layer and spotting

Liquid No effect

AM 350 Vapor Very slight surface layer

Liquid Slight surface layer and spotting

440 Vapor Surface layer and spotting

Liquid Apparent surface layer I
1018 Vapor Surfac2? layer and spotting

Liquid Sv~rface layer and spotting. Apparent
residue on welded sample

NOTE: For aluminum specimens photographs were not taken
because passivation layers reacted with moist at-
mosptv.re and disappeared. The test will be rerun.
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TAJ,.L A-8

SURFACE CONDITION OF SPECIMENS EXPOSED TO DRY NTO * HF

FOR 30 DAYS AT AMBIENT TEMPE3ATURE

Alloy IPhase Comments

Ferrous Specimens

304 L Vapor Slight surface layer

Liquid Spotted surface layer

316 Vapor No effect

Liquid Spotting on slight surface layer

321 Vapor Slight surface layer

Liquid Spotting on slight surface layer

AM 350 Vapor Very slight spotting on slight surface

layer

Liouiid Very slight spotting on surface layer

440 Vapor Spotted surface layer

Liquid Spotted surface layer; dense layer on
nonvelded specimen

1018 Vapor Apparent spotting on surface layer

Liquid Spotted sLrface layer

Aluminum Specimens

TFNS-50 Vapor bpotted passivation layer

Liquid Spotted passivation layer

2014 Vapor No effect

Liquid No effect

2024 Vapor No effect

Liquid No effect

6061 Vapor Apparent surface crazing

Liquid Slight pas, "vation layer

7075 Vapor Slight passivation layer

Liquid Passivation layer
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